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INVESTIGATION OF THE SUBSONIC AND SUPERSONIC RELEASE 


CHARACTERISTICS OF AN EXTERNALLY CARRIED FUEL TANK 
FROM A l/b-O-SCALE MODEL OF A BOMBER AIRPLANE* 

By William F. Hinson 
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An investigation has been conducted to determine the release char- 
acteristics and flight behavior of a dynamically scaled, externally 
carried fuel tank when released at subsonic and supersonic free-stream 
Mach numbers of O .69 to O. 92 , I. 39 , 1*59> 1.80, and I. 98 . The fuel- 
tank models were released from a 1/4-0-scale model of a supersonic 
bomber-airplane configuration at simulated altitudes of sea level and 
2,500, 26,000, and 36,000 feet. Three different arrangements of tail 
fins were used on a fuel tank with a fineness ratio of 11-37 to stabi- 
lize it in free flight. These arrangements were (l) cruciform tail fins, 
( 2 ) three tail fins mounted 120 ° apart, and ( 3 ) two tail fins mounted 
30° downward of the horizontal. Two canard surfaces located forward 
of the center-of -gravity station and symmetrical about the center line 
were used to aid in more positive tank release characteristics. The 
following canard-surface deflections were used: 2 °, 0 °, - 2 °, -4°, - 6 °, 

- 15 °, and - 20 °. 


The results indicate that satisfactory releases can be obtained 
with the proper combination of canard- surface deflection and tail fins. 
The canard surfaces appeared to be ineffective when set at large nega- 
tive deflections with the airplane model at a large positive angle of 
attack to the free stream. Decreasing the canard-surface deflection 
for a fixed wing angle of attack resulted in an increase in time to 
obtain a fixed pitch angle. As the wing angle of attack was increased 
with a constant canard-surface deflection, the time to obtain a fixed 
pitch angle was increased. Lateral translation did not appear to cause 
any unsatisfactory releases. 
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INTRODUCTION 4 

^ 4 * # 

Most current military aircraft are required to jettison or launch 
stores of various types: fuel tanks , bombs, rockets, missiles, and so 

forth. High operational speeds lead to special problems in predicting 
and analyzing the behavior of these stores immediately after release. 

The interacting flow fields of store and airplane perturb the free motion 
of the store; these induced motions may cause the released store to 
strike the carrying aircraft. 

To extend the range and mission capability of a current supersonic 
bomber airplane, a two-component, externally carried pod was developed. 
The pod consists of a bomb which is attached to the airplane fuselage 
by a pylon and a fuel tank which is fitted over the lower part of the 
bomb so that the bomb is semisubmerged in the fuel-tank body. The fuel 
tank is released prior to the release of the bomb. Therefore, the 
problem of concern in this investigation is the release of the fuel 
tank in such a manner as not to strike the bomb or carrying aircraft. 

The investigation was made in the preflight jet of the NASA 
Wallops Station with l/40-scale models of the pod and the bomber -airplane 
configurations. Tests were made at subsonic and supersonic free-stream 
Mach numbers of O.69 to 0.92, 1*59, 1*59* 1*80, and 1-98 a t simulated 
altitudes of sea level and 2,500, 26,000, and 36,000 feet; however, 
tests were not conducted at all altitudes for each Mach number. 

The Reynolds number per foot for the dynamically scaled fuel-tank 
models was approximately 7 X 10^ to l4 x 10^. 

SYMBOLS 


d 

h 

L 

L 

M 

P 

t 


maximum fuel- tank diameter, 1.47 in. 
simulated altitude, ft 

2 

moment of inertia in pitch plane, lb-in. 

characteristic length 
free-stream Mach number 
free-stream static pressure, lb/sq ft 
time, milliseconds 
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W weight, lb 

x horizontal coordinate of fuel-tank displacement with origin 

at center-of -gravity position at initial release, positive 
downstream, in. 

z vertical coordinate of fuel-tank displacement with origin at 

center-of -gravity position at initial release, positive 
downward, in. 

a angle of attack, deg 

P angle of sideslip, deg 

& canard-surface deflection, deg 

L^r 

A scale factor, — 

L P 

0 fuel-tank pitch angle with respect to the horizontal, deg 

Subscripts : 

M model 

P prototype 


MODELS AND APPARATUS 


Fuel Tank 

The basic fuel-tank body and its ordinates are shown in figure 1. 
Fuel- tank-model weights, altitudes, moments of inertia, and test data 
are given in table I. 

Photographs and sketches of the l/40-scale fuel tank (approximately 
2,l8l pounds empty weight, full scale) are shown in figures 2 to 5* 
Canard fins (one on either side of the fuel- tank body) were mounted on 
the forward portion of the fuel-tank body for the purpose of producing 
a negative pitching moment after release. The canard-surface deflection 
could be varied and was preset before each test. In the photographs and 
sketches of the fuel tank, the top view shows the cavity into which the 
bomb is recessed when the pod is installed. 

Figure 2 shows the fuel tank with the cruciform tail fins while 
figure 3 shows the three tail fins mounted 120° apart (triadic tail 



fins). When the triadic configuration is installed on the airplane 
model, the upper fin is very close to the airplane fuselage. In some 
tests the triadic tail-fin configuration was modified in that the upper 
fin was removed before the test. This configuration was called dyadic. 
Figures 4 and 5 show detailed sketches of the fuel-tank and tail-fin 
configurations . 


Release Mechanism 

The fuel-tank model was attached to the bomb by a spring-loaded 
pin as shown in figure 6. When the pin was in the depressed position, 
it fitted into a hole in the bottom of the bomb. A drilled hole in the 
pin permitted the insertion of a pull rod which secured the fuel-tank 
model in place. Four small set screws, two on either side of the fuel- 
tank model, were used for proper alinement with the airstream. The pull 
rod was actuated by an air cylinder through a cable and pulley arrange- 
ment as shown in figure 7> An electric solenoid actuated the air cylin- 
der, thereby permitting the fuel tank to be dropped. 

Figure 8 shows a closeup view of the airplane model with the pod 
attached as mounted in the preflight jet. 


Airplane Model 

Figure 9 shows a sketch of the l/40-scale bomber. The model 
consists of a 60° delta wing, a fuselage designed by the area rule, 
pylon-mounted engine nacelles, and a vertical stabilizer. As stated 
previously, the two-component pod is carried externally. In this inves- 
tigation, the bomb was a permanent installation on the airplane model 
and housed part of the fuel- tank release mechanism. The prototype bomb, 
in release condition, incorporates triadic tail fins of which one is 
mounted on the extreme bottom portion of the tail cone; this lower fin 
is retracted when the prototype fuel tank is installed. In this inves- 
tigation, the lower fin was removed from the bomb to simulate a retracted 
fin. Therefore, to prepare for the various tests, it was necessary only 
to fit the fuel tank over the bomb. The wing angle of attack was set 
before each test by an angle-of-attack adapter plate which was also used 
to attach the airplane model to the beam-support mechanism. The complete 
setup in the preflight jet is shown in figure 10. 


Photographic Records 

High-speed microflash photographs were made of the fuel- tank 
release. Lighting was supplied by a series of flashbulbs which were 
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electronically timed to overlap. The film was exposed through narrow 
radial slits in a rotating disk placed in front of the camera lens. 
Motion pictures (2,500 frames per second) were also made during the 
tests . 


TESTS 


Dynamic Similarity 

The "heavy-model method," as described in reference 1, was used 
for dynamic similarity. The method requires that the nondimens ional 
radii of gyration, Mach numbers, and air properties at test and full- 
scale conditions be equal and that the model and prototype be geometri- 
cally similar. The model weight and moment of inertia are given by the 
following expressions: 


W, 


M 


= ft ) 2 ^W p 


( 1 ) 




X Y,M = M** ^ X Y,l 


( 2 ) 


In this method, the aerodynamic ally produced accelerations are 
independent of the scale. 


Test Methods 

A canard- surface deflection of -15° was used with cruciform tail 
fins except for one test in which a 2° deflection was used. In tests 
with the triadic and dyadic tail fins, the canard surface was set at 
deflections of 0°, -2°, -4°, -6°, and -20°. In all tests, the canard- 
surface deflection was set before the fuel-tank model was attached to 
the airplane model. 

The wing angle of attack was also set before each test by the use 
of a vertical angle-of-attack adapter plate. This plate was the con- 
necting link between the airplane model and the vertical strut of the 
support mechanism. The airplane model with the fuel tank attached was 
held out of the tunnel airstream until the stream was brought to design 
conditions; then the complete configuration was inserted in the stream. 
Simultaneously with the firing of the flashbulbs, the solenoid air valve 


6 


•• ••• • ••• i •• •• • • • ••• •• 

• • •• •• • ••• ••• ••• 

• • ••• ••• • • • • • . 

• • « • • • 

• ••••• • * •• ••• •• 

i 

was actuated and it, in turn, released the fuel tank- During the time 

the fuel-tank model was traversing the airstream, two 8-inch by 10-inch y 

cameras were taking side and bottom exposures of the fuel-tank motions. 

The photograph obtained with the side camera was a scaled-time trajec- 
tory of the fuel tank. The bottom camera photograph shows lateral 
translation. The airplane model was removed from the tunnel airstream 
before tunnel shutdown. The insertion and removal of the airplane model 
were performed during tunnel operation to prevent the starting and 
stopping aerodynamic loads of the tunnel from being imposed on the air- 
plane model. 


DATA REDUCTION 


The pitch oscillations and trajectories were measured directly 
from the microflash multiple-exposure photographs. The trajectory 
measurements were nondimens ionali zed by using as the characteristic 
length the maximum diameter of the fuel- tank body. Zero time was taken 
at the instant of the pull-rod release. 


A summary of the estimated maximum probable errors for the tests 
and fuel tank is presented in the following table: 


x 
z 

9 , deg 

p, Tb/sq in 

M 

Wp simulated prototype weight based on tunnel 

dynamic pressure, lb 

h simulated altitude based on tunnel dynamic 
pressure, ft ... 



±0.004 

±0.004 

±0.5 

± 0.02 


± 0.02 

( +0.0009 
-0.0032 


± 0.02 
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RESULTS -AND DISCUSSION 


A motion-picture film supplement has been prepared and is available 
on loan. A request card form and a description of the films will be 
found at the back of this paper, on the page immediately preceding the 
abstract page. 

The results are presented herein in the form of microflash photo- 
graphs, pitch-oscillation plots, and trajectory plots. Because of the 
erratic motions of the fuel tank in some tests, data measurements were 
not attempted; however, the photographs are presented. Results obtained 
with the cruciform tail fins, triadic tail fins, and dyadic tail fins J 


are presented. When data are available, comparison plots are presented 
to show trends or effects with M, a, and 6 . 

Satisfactory tests are defined as those releases in which the fuel- 
tank model did not come in contact with the airplane model after release 
and followed a downward trajectory. 


Cruciform Tail Fins 

The basic data of the cruciform tail-fin configuration are presented 
in figure 11 (tests 1 to 11) . 

Subsonic Mach numbers . - In figure 11 it is shown that at a = 11°13' 
and 6 = - 15 ° (test 1) the fuel tank experienced a positive pitching 
moment and came in contact with the airplane model. A satisfactory test 
was obtained by decreasing a to 5°31' (test 2) . Apparently in test 1 
the canard surface was ineffective in producing a sufficiently large 
negative pitching moment to overcome the initial aerodynamic loading on 
the fuel-tank body. Test 3 shows a satisfactory release with 5=2° 
and a = 3°l6' . 

M = 1.39 »- One release was made with 6 = -15°, a = 3°^2' (test 4) 
and was satisfactory. 

M = 1.39 .- With 5 = -15° and a = 5°56' and 3°l6' (tests 5 and 7), 
the fuel tank rolled after release and a tail fin struck the airplane 
model. In test 6 (a repeat of test 5 ) no roll occurred and the release 
was satisfactory. The roll in both tests 5 and 7 was attributed to 
improper alinement of the fuel tank in the tunnel airstream. Test 8 
was a satisfactory release with 5 = - 15 ° and a = h°30' . 

M = I. 98 .- Satisfactory releases were obtained with wing angles of 
attack of 3°l6* and 5°06' with 6 = -15° (tests 9 and 10). When the 
wing angle of attack was increased to 6°37' (test 11) and an altitude 
of 36,000 feet was simulated, the fuel tank experienced a positive 
pitching moment and came in contact with the airplane model. Thus the 
canard surfaces appeared to be ineffective, as in test 1. 

Figures 12(a) and (b) are comparison plots of satisfactory tests 
showing the effect of change in wing angle of attack with constant 
canard-surface deflection at M = 1.59 and 1-98- In both plots it is 
apparent that as the wing angle of attack is increased the time to obtain 
a fixed pitch angle is increased. The trajectories are almost identical 
for approximately 6 fuel-tank diameters below the airplane model. 
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Three Tail Fins (Triadic) 

The microflash photographs and plotted data of the triadic con- 
figuration are presented in figure 13 (tests 12 to 3*0 • 

Subsonic Mach numbers .- In tests 12 to 23, canard-surface deflec- 
tions of 0°, -2°, -4°, and -6° were used at an approximate simulated 
altitude of sea level, a deflection of -6° was used at a simulated 
altitude of 2,500 feet, and a deflection of -20° was used at a simulated 
altitude of 26,000 feet. Satisfactory results were obtained except for 
two tests (tests 13 and 20). In test 13 (M = O.69, 6 = -4°, and 

a = 5°11 ' ) , the fuel tank rolled after release. In a repeat test 
(test 15) the fuel tank did not roll and release was satisfactory. 
Apparently in test 13 the fuel tank was improperly alined with the air- 
stream, as in tests 5 and 7. In test 20 (M = 0-91, 8 = -20°, 

a = 11°13 ' ) , the fuel tank experienced a positive pitching moment which 
caused the nose to strike the airplane model. The canard surfaces 
appeared to be ineffective, as in tests 1 and 11. 

M - I.39 .- A satisfactory release was obtained with 5 = -6° and 
a = i+030 1 (test 24-) . 

M = I.59 .- In tests 25 to 31 canard-surface deflections of 0°, -6°, 
and -20° were used with various wing angles of attack. All tests were 
unsatisfactory from a release standpoint except test 27- For test 27, 

5 = -6° was used in combination with a = 5°56' • The initial induced- 
interference effects on this arrangement appeared less severe than those 
for the other cases at the same Mach number. It appears that at 
M = 1.59 the interference effects are unfavorable when the fuel tank 
is attached to the airplane model. These interference effects induce 
loads on the tank which result in large initial pitching moments at 
release. Force data obtained in the Langley Unitary Plan wind tunnel 
indicate that the initial pitching moment changes approximately 200 per- 
cent from negative to positive at M = 1.59 to M = I.98 when the fuel 
tank is installed on the airplane model, and with a = 3°» With 
a = 8.5° and the fuel tank attached to the airplane model the initial 
positive pitching moment increases approximately 4-00 percent from 
M = 1.59 to M = I.98. Therefore it appears that the negative canard- 
surface deflections used in this investigation were too large. No com- 
parison plots were made at M = 1.59> however, the basic data are 
presented. 

M = I.98 .- Canard- surface deflections of -6° (a = 3°l6' ; test 33) 
and -20° (a = 5°06' and 6°37' j tests 32 and 34) were tested. All these 
tests were considered satisfactory. 

A comparison plot showing the effect of change in wing angle of 
attack with constant canard-surface deflection at subsonic speeds is 
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shown in figure 14(a). Figure 14(b) shows the effect of changing the 
canard- surf ace deflection with constant wing angle of attack at 
M = I.98. In both plots the time to reach a fixed pitch angle is 
increased . 


Two Tail Fins (Dyadic) 

The upper tail fin of the triadic-tail-fin configuration was 
removed in an attempt to prevent the tail section of the fuel tank from 
striking the airplane model. The basic data of the dyadic configura- 
tion are presented in figure 15 (tests 55 to 52) . 

Subsonic Mach numbers .- One test (test 55) was made at M = O.92, 
ct = 5°56 ' , 5 = -2°, and 3 = 1°; this test was considered satisfactory. 

M = I.59 . - Canard-surface deflections of -2° (a = 5°21', 3°40', and 
4°56' ; tests 56, 57, and 59, respectively) and -20° (a = 4°56' and 6°50'j 
tests 58 and 40, respectively)^ were used. With 8 = -2° (test 36), the 
tail cone came in contact with the airplane model. Test 57, with 
g 8 = -2°, was satisfactory. Apparently in test 5 6 the negative pitching 

moment was decreased as a result of the increase in fuel-tank angle of 
attack. In tests 58 and 40, a was increased while 8 was held at -20° 

• with satisfactory results. 

M = 1.59 -- Canard- surface deflections of -2° (a = 6°07' , 3°20' , 
and 4°03'j tests 42, 43, and kb) and -20° (a = 3°l6'; test 4l) were 
used. In test b2 the fuel- tank tail cone hit the airplane model. How- 
ever, with the increased a in tests 43 and bb, satisfactory results 
were obtained. Apparently, the initial negative pitching moment was 
decreased by the increase in wing angle of attack. Test 41 is a repeat 
of test 31 with the upper fin removed. However, in test 41 the tail 
cone hit the airplane model as did the upper tail fin in test 31* 
Apparently the initial negative pitching moment was too large even 
though the upper fin was removed in test 4l. 

M = 1.80 .- Canard-surface deflections of -2° (a = 3°26' and 4°09' } 
tests 4-5 and 46, respectively) and -20° (a = 4°09' and 6°35'} tests 4-7 
and 48, respectively) were used. Satisfactory results were obtained in 
all tests. 

M = I.98 .- Canard-surface deflections of -2° (a = 3°l6' and 4°03'j 
tests 49 and 50) and -20° (a = 3°l6' and 5°03'j tests 51 and 52, 
respectively) were used. In test 50 with 8 = -2° and a = 4°03' the 
< fuel tank experienced a positive pitching moment after release and came 

in contact with the airplane model. Apparently the -2° canard-surface 
deflection was not sufficient to overcome the upward aerodynamic loading 

* on the fuel-tank body. All other tests were considered satisfactory. 
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Comparison plots of the effect of changing the canard-surface 
deflection while keeping the wing angle of attack constant are shown * 

in figure 16(a) . Figures 16(b), (c), and (d) show the effect of keeping 
the canard-surface deflection constant while varying the wing angle of 
attack. As stated previously, the time to obtain a particular pitch 
angle is increased as the wing angle of attack is increased or as the 
canard-surface deflection is increased. 


Lateral Translation 

Sideslip angles of 0° and 1° were used in the test program. (See 
table I.) In general, lateral translation near time zero did not appear 
to be excessive. 



CONCLUSIONS 


An investigation has been conducted to determine the release char- 
acteristics and flight behavior of a dynamically scaled fuel tank which 
is carried externally on a supersonic bomber airplane. Releases were 
made at subsonic and supersonic free-stream Mach numbers of O .69 to 0.92> 

1 . 39 , 1.59* 1.80, and 1 . 98 . The three fuel-tank model tail-fin con- 
figurations tested were (l) cruciform tail fins, ( 2 ) triadic tail fins, 
and (3) dyadic tail fins. Canard fins were mounted on the forward por- 
tion of the fuel-tank body for the purpose of producing a pitching moment 
after release. Canard-surface deflections of 2 ° and -15° were used with 
the cruciform tail fins and deflections of 0 °, - 2 °, -4°, - 6 °, and - 20 ° 
were used with the triadic and dyadic tail fins. The following conclu- 
sions are indicated: 

1. Satisfactory releases can be obtained with the proper canard- 
surface deflections and tail-fin combination. 

2. At large wing angles of attack, the canard surfaces appear 
ineffective in producing negative pitching moments sufficient to over- 
come the upward aerodynamic loading on the fuel- tank body. 

3 . As the wing angle of attack is increased with constant canard- 
surface deflection, the time required to obtain a fixed pitch angle is 
increased. 

4. As the canard-surface deflection is decreased from negative 

toward positive, with constant wing angle of attack, the time to obtain . / 
a fixed pitch angle is increased. 
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v 5- In general, lateral deviation did not appear excessive enough 

to cause the fuel tank to strike the airplane model. 


Langley Research Center, 

National Aeronautics and Space Administration, 
Langley Field, Va. , July 28, i 960 . 
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(a) Cruciform toil-fin configuration . 



(b) Tail-fin configurations when three fins were mounted 120° apart 



Figure 5.- Details of fuel-tank canard and tail-fin configurations. 

Dimensions are in inches. 
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Figure 9-- Sketch of l/40-scale model of a current bomber airplane in preflight jet. Dimensions 

are in inches . 
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Side view 



Bottom view 


L- 60-4355 

(b) Test 2. M = 0.91; h = 25,500 feet; 6 = -15°; a = 5°30'j P = 0°. 


Figure 11.- Continued. 
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Figure 11.- Continued 




Side view 



Bottom view 


L- 60-4356 

(c) Test 3 . M = 0.89; h = 1,300 feet; 5 = 2°; a = 3°l6'j 0=0°. 

Figure 11.- Continued. 
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Bottom view 


L- 60-4357 

(d) Test 4. M = 1-39; h = 25,350 feet; 6 = -15°; a = 3°42'; p = 0°. 


Figure 11.- Continued. 
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(d) Concluded. 


Figure 11.- Continued. 
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Bottom view 


(e) Test 5 and test 6. M = 1-59; h = 25,600 feet; 6 

(3=0°. 


= -15 


L-60-4558 
a = 5°56' ; 


Figure 11.- Continued. 
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Side view 



Bottom view 

Test 6. Repeat of test 5- 

(e) Continued. 


L-60-4359 


Figure 11.- Continued. 
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Side view 


Bottom view 

L- 60-4361 

(g) Test 8. M = 1.59; h = 25,650 feet; & = -15°; a = 4°30'; p = 0°. 



Figure 11.- Continued. 
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Side view 



Bottom view 


L-60-4362 

(h) Test 9. M = 1.98} h = 25,700 feet; 5 = - 15 °; a = 3°l6'; p = 0°. 


Figure 11.- Continued. 









L-915 


6A 



Side view 



Bottom view 


L- 60-4363 

(i) Test 10. M = I. 98 } h = 25,700 feet; 6 = -15°; a = 5°06'; 0 = 0°. 


Figure 11 •- Continued. 
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(b) Effect of change in wing angle of attack at M = I. 98 ; & = -15° • 

Figure 12.- Concluded. 
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Bottom view 


L-60-4365 

(a) Test 12. M = 0.69; h = sea level; 6 = -6°; a = P = 0°. 

Figure 13.- Fuel- tank releases with three tail fins mounted 120° apart. 














Side view 



Bottom view 


L- 6 O-U 366 

(b) Test 13. M = 0 . 69 ; h = 2,200 feet; 6 = -4°; a = 5°H' i P = 0°; 

fuel- tank model rolled. 

Figure 13 •- Continued. 





• • • • 


49 


t, milliseconds 



x/d 


6 8 10 12 14 

l W )t Tnmr i 'n iii ; i in ii n unni^i.Kut 



::::::::::: 
ill!: I:!::: 

::::::::: 
:::: ::::: 
:::: ::::: 

II 

I 

| 

R 

i 

gfe 

I 

Si 

it 



WMi 

::::::::: 
- •: 




•ffff - 




22 


pip 


Bi>sj 


jiji 

:::: 


SB 

Hp 

m 

§§ 

rut 

E 


TOT 

jjgfjS 

ppi 

sis:: 

ill 

illiil 

"SSIUV 

I 


OT 

uu. 

22~ 

2+ 

p 

gfe 

E 

M 

m 

2f| 

l 

2222 

mm 

mS 

::::: 

ill 

: ::::::: 

:::! 

.... 

±2 


22 

3 


E 

p 

ffi 

jrjT 

### 

::::: 

m i 


Illi 

1 

is 

f2f ~ 

ffi 


-If 

att 


2222 


:i:i 









mr 


2222 

::::: 

::::: 

::::: s : 
::::: :::: 

::::: ::: 
:::::: :: 

: '■ : : 

±2 

cm 

Hfi 

SS 

IE 

fm 

■jjj 

32 

|m 

gsjjg 

!:::: 

mm 


•ill 

m 

rffl 

53 



s 

fftt 



±g± 





444 

444 



S 

m 




11 

:::::::: ! 

: ii 

XU 


ftif 



rfjt 



1 

illi 

Illiil 

1 

2t 

iro 

P? 



is 



11 

!!!!! 

pin 

lllllllll 

Illi 

:::: 




mi 

p 

Si 

{[ 2 

§222 
4444 1444 

ill!! 

mm 

in 

Illi 








g| 

jmm 



lllllllll 

Illi 


m 



p: 

fm 


P 

pill 


iiiiiiiiii 

illiil 

I 







«; 


2|t 22 


lilllll 

iiiiiiiii 

III! 





111; 

P 

M 


p P 


Illi 

illiil 

Illi 





21; 




pp 


1111111 

iiiiiiiii 

I 






HIT 

: : 

... 

mm 

:: 


liillllill 

ill 

1 




Irajectones e 


IIIIIIIIII 

ill 

III; 






1 





Illi 

in 

i 









p|2 


(b) Concluded. 
Figure 13.- Continued. 
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Bottom view 


(c) Test Ik. M = 0.70; h = 100 feet; 6 = -2°; a 

Figure 13 •- Continued. 


L- 60-4367 
5°11' ; p = 0°. 


Side view 
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Bottom view 


(d) Test 15- M = 0.72; h = 100 feet; 5 - \ u. - 

Figure 13- - Continued. 


L- 60-4368 
5°U' > P = 0°. 
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Side viev 



Bottom view 


L-6O-4569 

(e) Test 16. M = 0.80; h = 26,200 feet; 5 = -20°; a = 6°45'; P = 0°. 


Figure 15 •- Continued. 
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Bottom view 


L- 60-4370 

(f) Test IT. M = 0.90; h = 26,150 feet; 5 = -20°; a = 9°20'; P = 1° 

Figure 13 . - Continued. 
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Side view 



Bottom view 


(g) Test 18. M = 0.90; h = sea level; 8 


L- 60 -4371 
= - 2 °; a = 3°36'; p = 0°. 


Figure 13*- Continued. 
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Side view 



Bottom view 

L-60-4372 

(h) Test 19. M = 0.91} h = sea level; S = 0°; a = 3036 ' } P = 0°. 


Figure 13 •- Continued. 
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Side view 



Bottom view 


(i) Test 20. M = 0.91; h = 25,950 feet; 5 = -20°; a 

fuel tank struck airplane model. 

Figure 13 •- Continued-. 
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L- 6 O -4373 
= 11°13 ' ; P = 0°; 
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Side view 



Bottom view- 
Test 22; (3 -1° 


(j) Continued. 
Figure 13 •- Continued. 


L-60-4375 
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(j) Concluded. 


Figure 13 . - Continued. 
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Side view 



Bottom view 


L- 60-4376 

(k) Test 23. M = 0.92; h = 25,650 feet; 5 = -20°; a = 5°30'; P = 0°. 

Figure 13 •- Continued. 
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Side view 



Bottom view 


L- 60-4377 

( l ) Test 24. M = 1.39; h = 26,000 feet; 5 = -6°; a = 4°30'; (3 = 0°. 

Figure 13.- Continued. 
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Side view 



Bottom view 


L- 60-4378 

(m) Test 25. M = 1-59; h = 25,650 feet; 6 = -20°; a = 5°56' ; p = 0°; 
upper tail fin of fuel-tank model struck airplane model. 

Figure 15-- Continued. 
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Side view 



Bottom view 


L- 60-4379 

(n) Test 26. M = 1-59} h = 26,000 feet; S = -20°; a = 6°30'; p = 0° 
upper tail fin of fuel-tank model struck airplane model. 


Figure 13*- Continued. 
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Side view 



Bottom view 


L-60-4380 

(o) Test 27. M = 1.59; h = 25,950 feet; 5 = -6°; a = 5°56'; p = 0°. 


Figure 13.- Continued. 
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(o) Concluded. 
Figure 13 •- Continued. 





Side view 



Bottom view 

L-60-5501 

(p) Test 28. M = 1.59; h = 25,950 feet; 5 = -6°; a = 4 30 '; P = 0 ; 
upper tail fin of fuel-tank model struck airplane model. 


Fig ure. Continued . 
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Side view 


Bottom view 

L- 60-5503 

(r) Test 30. M = 1.59; h = 25,600 feet; 6 = 0°; a = 6°07'; 0 = °°; fuel- 
tank model rolled and struck airplane model. 

Figure 13.- Continued. 
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Bottom view 


L- 60-5504 

(s) Test 31. M = 1.59; h = 25,650 feet; 5 = -20°; a = 5°l6'; p = 0°; 
upper tail fin of fuel- tank model struck airplane model. 

Fi g ur ^si^^ ed • 
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Side view 


Bottom view 



L- 60-5505 

(t) Test 32. M = I. 98 ; h = 25,900 feet; 6 = -20°; a = 5°06' ; 0 = 0°. 

Figure 13.- Continued. 
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Bottom view 


L-60-5507 

(v) Test 34 . M = 1 . 98 ; h = 35,600 feet; 5 = -20°; a = 6°37' P = 0°. 


F igure 13 . - Continued . 
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t , milliseconds 




(v) Concluded. 


Figure 13. - Concluded 
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t, Milliseconds 
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Test 17 M = 0.90 •, a - 9° 20' ; /9 = 1°; 

h □ 26, 150 ft 

Test 23 M =0.92 ; a =5° 30' : /3 = 0 ° 


h = 25,650 ft 
x/d 

2 4 6 8 10 12 14 16 



(a) Effect of change in wing angle of attack with 6 = -20°. 

Figure 14.- Comparison plots of fuel-tank releases incorporating three 

tail fins. 
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Test 33 S = - 6° ; h =25 ,400 ft s three tail fins 

Test 51 S =-20°,-h= 25,450 ft; two tail fins 
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(b) Effect of change in canard-surface deflection at M 

a = 3°l6' ; p = 0°. 


Figure 14-.- Concluded. 
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Bottom view 

L- 60-5508 

(a) Test 35. M = 0.92} h = sea level} 5 = -2°} a = 3°36'} 3=1°. 

Figure 15 .- Fuel-tank releases with two tail fins mounted 30° downward 

of the horizontal. 
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Bottom view 


L-60-5509 

(b) Test 36 . M = 1.39; h = 26,250 feet; 6 = -2°; a = 3°21'; p = 0°; tail 
cone of fuel-tank model struck airplane model. 
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Bottom view 

L- 60-55H 

(d) Test 38. M = 1.39; h = 25,400 feet) 6 = -20°) a = 4°56') p = 0°. 


Figure 15«- Continued. 
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(d) Concluded. 
Figure 15.- Continued 











Bottom view 


L-6O-5513 

(f) Test 40. M = 1.39; h = 25,850 feet; 6 = -20°; a = 6°30'; p = 1°. 


Figure 15 •- Continued. 


Side view 
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Bottom view 


L- 60-5514 

(g) Test 4l. M = I.59; h = 26,150 feet; 6 = -20°; a = 3°l6'; 3 = 0°; 
tail cone of fuel-tank model struck airplane model. 


Figure 15 . - Continued. 
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Bottom view 

L- 60-5515 

(h) Test 42. M = 1.59; h = 26,000 feet; 5 = -2°; a = 6°07'; |3 = 1 °. 


Side view 


Figure 15 .- Continued. 











Side view 



Bottom view 


L- 60-5516 

(i) Test 43. M = 1.59; h = 26,050 feet; 5 = -2°; a = 3°20'; p = 0°; tail 
cone of fuel-tank model struck airplane model. 


Figure 15 •- Continued. 
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Bottom view 


L-60-5520 

1.80; h = 25,800 feet; 5 = -20°; a = 4°09'; |3 = 0°. 
Figure 15 •- Continued. 


Side view 
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Side view 



Bottom view 

L-60-5521 

(n) Test 48. M = 1.80; h = 25,800 feet; 5 = -20°; a = 6°35'; p = 1°. 


Figure 15. - Continued. 
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(n) Concluded. 
Figure 15.- Continued. 
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Bottom view 


(o) Test 49 . 


M = I. 98 ; h = 25,800 feet; 5 


L- 60-5522 
-2°; a = 3°l6' ; P = 1°. 


Figure 15 Continued. 
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Bottom view 

L-60-5523 

(p) Test 50. M = I. 98 } h = 26,350 feet; 6 = -2°; a = 4°03'; 3 = 1°; 
fuel-tank model experienced positive pitching moment and struck 
airplane model. 
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Figure 15*- Continued. 
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Side view 



Bottom view 

l-60-5524 

(q) Test 51. M = 1-98} h = 25,450 feet; 6 = -20°; a = 3°l6'} P = °°' 

Figure 15*- Continued. 
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Figure 15 •- Continued 
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Bottom view 


L- 60-5525 

(r) Test 52. M = I. 98 ; h = 26,075 feet; 6 = -20°; a = 5°05' > P = 1°. 


Figure 15 .- Continued. 



L-915 









126 



t, Milliseconds 

-10 O 10 20 30 40 50 60 70 80 90 100 110 120 

10 

0 

-10 
-20 
-30 

0,deg -40 
-50 
-60 
-70 
-80 
-90 

Test 38 8 = - 20° P = 0° ; h = 25,400 ft 
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(a) Effect of change in canard- surf ace deflection at M = 1-39) 

a = 4°56' . 


Figure l6.- Comparison plots of fuel-tank releases incorporating two tail 

fins. 
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t, Milliseconds 



Test 42 a =6° 07‘, $ =1° , h= 26,000 ft 

Test 44 a =4° 03' v /3 = 0° ; h = 27,000 ft 


x/d 

U 2 4 6 8 10 12 14 16 

EOT! Hi Him sl 111 


Tra 


jectories 


;e in wing angle of attack at M = 1.59; 5 = -2°. 
Figure l6.- Continued. 
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A motion-picture film £upp*lani4Bt , ! tji£ sa$eJpJ-sft/jification 

as the report, is available on loan. Requests will be filled in the 
order received. You will be notified of the approximate date scheduled. 

The films (two reels, each 1 6 mm, 15 min, MW, silent) show the 
motions of the fuel tank as it traverses the airstream. 


Requests for the film should be addressed to the 


National Aeronautics and Space Administration 

Office of Technical Information and Educational Programs 

Technical Information Division (Code ETV) 

Washington 25; D.C. 


NOTE: The handling of requests for this classified film will be expedited 

if application for the loan is made by the individual to whom this copy 
of the report was issued. In line with established policy, classified 
material is sent only to previously designated individuals. Your coop- 
eration in this regard will be appreciated. 



CUT 


Date 

Please send, on loan, copy of film supplement to NASA 
Technical Memorandum X-35^ (Film Nos. L-446 and L-472) . 


Name of organization 


Street number 


City and State 

Attention: *Mr. 

Title— 

(*To whom copy No. of the Technical 

Mpmnron^ c ^ e* *-n/3 \ 
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